The relationship between changes of serum immuno-reactive choleeystokinin-pancreozymin (CCK-PZ) and serum immuno-reactive insulin has been studied after various stimuli. The oral administration of 5Yo glucose or magnesium sulphate and the intra-dnodenal administration of olive oil were all followed by a rise of serum CCK-PZ. The serum insulin rose after 5Z glucose and also showed a small but insignificant rise with olive oil. There was, however, no change of serum insulin after the ingestion of magnesium sulphate suggesting that CCK-PZ in isolation does not stimulate insulin release.
A relationship between intestinal hormones and the function of the exocrine and endocrine pancreas was postulated early this century [1, 2] . More recently, it has been established that oral glucose stimulates a greater release of insulin than the equivalent amount administered intravenously [3, 4, 5, 6] . It has been suggested that cholecystokinin-pancreozymin (CCK-PZ) plays a role in this gastro-intestinal stimulation of insulin release in man [7, 8] . In addition impure CCK-PZ preparations have been shown to enhance insulin release from the isolated perfused rat pancreas [9, 10] . Furthermore, in dogs and rabbits intravenous CCK-PZ releases insulin [11, 12, 13] . Others have suggested that in man intravenous CCK-PZ stimulates insulin secretion, but endogenous CCK-PZ has no effect [14] . In the present study we have investigated this possibility using a recently developed radioimmunoassay for CCK-PZ [15] .
Materials and Methods
The subjects studied were healthy male and female volunteers aged between 22 and 32. Three substances were tested: 1. 500 ml 5~o glucose, given by mouth (6 subjects) 2. 0.1 G/kg magnesium sulphate in 150 ml water given by mouth (6 subjects) 3. 40 ml olive oil (Boots), introduced into the duodenum via a Ryle's tube, the position of which was first confirmed by radiological screening and measurement of the pH of the aspirate (4 subjects).
* Based in part on a paper presented to the British Diabetic Association on September 21 st 1973.
Blood was taken via an indwelling intravenous cannula from a forearm vein with subjects in the sitting position. Samples were taken fasting, at 5 min intervals after the administration of the test substance for 30 to 35 min, and thereafter at 45, 60 and 75 rain. Blood glucose (glucose oxidase method) [16] , serum immunoreactive insulin [17] and CCK-PZ were measured on each sample.
The radioimmunoassay used to measure CCK-PZ levels has recently been described in detail [15] . When using the rabbit antiserum MS 6/72, as employed in these studies, the immunological crossreaction with structurally similar gastrointestinal hormones (e.g. gastfin) appears to be insignificant. Absolute values for the level of CCK-PZ in human serum cannot, however, be given at the present time, for three reasons. Firstly, human CCK-PZ may cross-react in the assay to a degree which differs from that of the porcine hormone used as standard and tracer. Secondly, no highly purified standard CCK-PZ preparation of known stability and biological potency is currently available for any species of CCK-PZ. The standard preparation used in the studies, although stable, contains less immunoreactivity than expected, and measured levels of CCK-PZ-like immunoreactivity will therefore require division by some common factor when a suitable standard preparation becomes available. Thirdly, the assay appears to be capable of measuring at least three cholecystokinins, of different molecular weight, but sharing a common C-terminal structure. It is not at present known which of these are present in serum, nor in what proportion, and their relative immunoreactivities and biological potencies are also unknown.
3* Despite these reservations, the assay is capable of assessing and comparing the CCK-PZ release after different stimuli.
Results
(a) After the ingestion of 5% glucose (Fig. 1 ) the blood glucose rose from a mean of 71 rag/100 ml to a peak of 122 rag/100 ml at 30 rain, and this was accompanied by a rise of serum insulin. There was a rise of serum CCK-PZ which reached a peak level of 6.6 ng/ml at approximately the same time as the serum insulin. (b) The ingestion of magnesium sulphate (Fig. 2) resuited in a rise of serum CCK-PZ which reached a peak of 12.7 ng/ml at 30 min. There was no rise of serum insulin nor was there any fall in blood glucose. (c) The intraduodenal instillation of olive oil (Fig. 3) produced a rise of serum CCK-PZ to a peak level ORAL GLUCOSE TOLERANCE TEST BOOmt 5% DEXTROSE Ing/mll io=o} 4
L+:I, of 18.3 ng/ml. This response was more prolonged than after magnesium sulphate. There was a small but insignificant (p<0.15) rise of serum insulin and a fall of blood glucose. These results are summarised in Table 1 .
Discussion
The results reported in this paper indicate that there is no consistent relationship between changes of the levels of serum immtmoreactive CCK-PZ and insulin in man. Thus, the ingestion of magnesium sulphate, a potent CCK-PZ releasing agent [18] , had no significant effect on the level of serum insulin. In contrast, previous studies have suggested that CCK-PZ does cause insulin release in man [7, 8] . The majority of these studies, however, have involved investigating the effect of relatively impure preparations of CCK-PZ on insulin release, and it seems probable that these preparations contained other active substances. In fact, whereas 50Uo and 10yo pure preparations produced an elevation of serum insulin, highly purified preparations (99Yo pure) of the intestinal hormone have been reported to cause no insulin release [19--21] . Recently it has been shown that intravenous injection of gastric inhibitory peptide (GIP) causes insulin release, and it may be that this substance, which is present in impure preparation of CCK-PZ, was responsible for the rise in serum insulin seen after injection of impure preparations of CCK-PZ [21] . The rise of serum CCK-PZ found after glucose was greater than we had anticipated, as carbohydrates appear generally to have little effect on gallbladder contraction [22] and pancreatic enzyme secretion [23] . This release of CCK-PZ by 5~o glucose solutions may to some extent be non-specific, as release of CCK-PZ appears to be similarly stimulated by both water and normal saline [24, 25, 26] .
Despite the large increase of serum CCK-PZ following intraduodenal olive oil, there was only a slight rise of serum insulin, as has previously been shown with corn oil. This small insulin rise might have resulted from the direct effect of absorbed fatty acids on the pancreatic B cells [27] .
These findings do not necessarily mean that CCK-PZ plays no physiological role in insulin release, as it is possible that it could have an effect on the B cells which is synergistic either with other gastrointestinal hormones, or with a high or rising blood glucose concentration. It does, however, seem unlikely that in man the insulin-releasing effect of CCK-PZ (if any) is as powerful as previous studies have suggested. Further investigations using pure CCK-PZ preparations are required to resolve these questions.
